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Tuesday, March 8, 2011 385aInteraction studies between these two peptides are currently in progress and
will allow us to define the complex structure as well as the amino acids in-
volved in the interaction.
2076-Pos Board B62
Structural Studies of Super-Mini-B: Role of the N-Terminal Insertion
Sequence of Surfactant Protein B
Mahzad Sharifahmadian, Alan J. Waring, Frans J. Walther,
Rober H. Notter, Valerie Booth.
Lung surfactant is a mixture of phospholipids and proteins that is critical for
breathing. The hydrophobic surfactant protein B (SP-B) is essential for the
function of lung surfactant. Super Mini-B is a 41-residue peptide with internal
disulfide bonds that contains the N-terminal 7-residue insertion sequence and
the N-and C-terminal helices of SP-B. It has previously been shown to retain
the similar activity to full-length SP-B as measured by dynamic compliance
and arterial oxygenation in rat studies. Interestingly, Super-Mini-B performs
better than peptides which lack the N-terminal insertion sequence (e.g. Mini-B).
We have used circular dichroism and solution and solid state NMR to study Su-
per-Mini-B’s structure and lipid interactions in various environments, includ-
ing anionic micelles. Comparison of the results for Mini-B and Super Mini-B
help to unveil the contribution of the 7-residue insertion sequence to the func-
tion of SP-B.
2077-Pos Board B63
Investigating the Relationship Between Physical Properties of Detergents
and Membrane Protein Structure Determination
Ryan Oliver, Ryan Lo, Justin Kim, Linda Columbus.
Membrane proteins comprise only 1.8% of the atomic-resolution structures de-
posited in the RSB Protein Data Bank (http://pdbtm.enzim.hu). One bottleneck
contributing to the under-representation of membrane protein structures is the
requirement of a membrane mimic, such as a detergent micelle, to solubilize
the membrane protein and form a stable protein-detergent complex (PDC).
The mimic that leads to a structure is typically determined by empirically
and exhaustively screening commercially available detergents. Understanding
the relationship between detergent micelle physical properties and the stability,
fold, and function of membrane proteins in PDC’s reduces the extent of empir-
ical screening required. Additionally, many structures are determined in deter-
gent mixtures and with additives that affect the micelle properties and the
protein-detergent complex. The aim of this study is to investigate micelle phys-
ical properties, both pure and mixed, and with additives commonly used in
structural biology such as polyethylene glycols and cholesterol. In particular,
we will present the thermodynamic properties of micelle formation (using iso-
thermal titration calorimetry) and micelle size and shape (using small angle
x-ray scattering) of binary detergent mixtures, as well as with additives. We
will also present preliminary NMR data of membrane proteins in the character-
ized detergent micelles in order to investigate trends of detergent properties that
correlate with stabilization of a protein fold. These results provide a foundation
for understanding the role of detergents in membrane protein structure
determination.
2078-Pos Board B64
NMR Backbone Assignment of Opai: A Mediator of Host:Neisseria Inter-
actions
Daniel A. Fox, Linda Columbus.
Opa (opacity associated) proteins from Neisseria gonorrhoeae (NG) and Neis-
seria meningitides (NM) induce phagocytosis of the bacterium by non-
phagocytic cells such as epithelial cells. There are eleven NG and four NM
Opa alleles that undergo phase-variation expression to the outer membrane.
The protein products are nearly identical in sequence, but vary in three extra-
cellular loop regions that determine the host receptor specificity. Opa proteins
bind to carcinoembryonic antigen-like cellular adhesion molecules (CEA-
CAMs) or to heparansulfate proteoglycan receptors (HSPGs), thus subdividing
Opa proteins into two classes, OpaCEA and OpaHS, respectively. Mutational
and chimeric experiments have not revealed the sequence determinants of
the hypervariable regions that are responsible for receptor recognition. The
goal of this study is to investigate the structure, dynamics, and receptor inter-
actions of OpaI, a 27 kDa, 238 amino acid OpaCEA from NG MS11. OpaI
was over-expressed in E. coli, purified, and refolded in dodecylphosphocholine.
Two-dimensional 15N, 1H- TROSY spectra, CD, and SDS-PAGE gel mobility
of the protein-detergent complex indicate that the protein is folded and well-
suited for NMR studies Using TROSY-based pulse sequences, methyl labeling,
and specific amino acid labeling, a suitable backbone assignment was achieved
and an initial low-resolution structural calculation with H-bond and NOE-
derived restraints is presented.2079-Pos Board B65
Investigation of the Neisseria Gonorrhoeae Opacity Associated Membrane
Protein a Structure, Dynamics, and Host-Receptor Interactions
Ryan H. Lo.
Opacity associated (Opa) outer membrane proteins from the bacteria Neisse-
ria meningitides and Neisseria gonorrhoeae bind to human host cell recep-
tors, which triggers phagocytosis of the bacteria. Opa proteins are
classified into two groups (OpaCEA and OpaHS) based on host receptor spec-
ificity. OpaCEA interacts with carcinoembryonic antigen-related cell adhesion
molecules (CEACAM) and OpaHS binds heparansulfate proteoglycan (HSPG)
receptors. Two hypervariable extracellular loops are proposed to determine
receptor specificity; however, the molecular determinants of the interaction
and host receptor specificity are unknown. The aim of this study is to deter-
mine the structure of OpaA (an OpaHS from N. gonorrhoeae MS11) using
NMR, and to map the specific loop interactions of OpaA with heparin, a com-
petitive inhibitor of the OpaHS and HSPG interaction. The expression, puri-
fication, and folding of OpaA will be presented as well as the progress
towards the NMR backbone assignment. In addition, the feasibility of using
chemical shift perturbation to map the OpaA - heparin interaction will be ex-
plored. These invesitgations of the binding specificity of OpaA to heparin
will further the understanding of the pathogenesis of Neisseria, which will
in turn increase our understanding of an attractive function for receptor-
targeted therapeutics.
2080-Pos Board B66
NMR Structural Studies of a Two-Transmembrane Helix Segment of the
Naþ/Hþ Exchanger Isoform 1
Brian L. Lee, Claudia Alves, Brian D. Sykes, Larry Fliegel.
The Naþ/Hþ exchanger isoform 1 (NHE1) is an integral membrane protein im-
portant in the regulation of intracellular pH in the heart by exchanging one in-
tracellular Hþ for one extracellular Naþ. It contains an N-terminal
transmembrane (TM) domain responsible for ion transport and a C-terminal,
cytoplasmic, regulatory domain.
There is currently no high-resolution structure of NHE1; however, a topology
model of the protein by Wakabayashi et al. (J. Biol. Chem.275, 7942) suggests
that the membrane domain (amino acids 1-500) contains 12 TM helices. We
have previously used NMR spectroscopy to determine the structures of peptides
representing several TM helices from NHE1. Structures have been determined
for TM IV in organic tri-solvent mixture, and for TM helices VII, IX, XI, and
VI in DPC micelles.
To provide further insight into the three-dimensional structure of NHE1, we are
attempting to express and determine the structures of multiple TM helices. We
have recently expressed and purified a two-TM helix segment representing TM
VI-VII (amino acids 226-274) of NHE1. These two TM helices have been pre-
viously shown to be important in NHE1 function. Furthermore, modelling of
NHE1 by Landau et al. (J. Biol. Chem. 282, 37854) suggest that these two he-
lices interact and play key roles in ion transport. We are determining the struc-
ture of this region in micelles using NMR. NMR spectra of unlabelled TM VI-
VII peptide show good quality spectra for structure determination. Further ex-
periments with 15N labelled peptide will further define the structure. This will
provide insight into TM helix interactions in NHE1 and help us to build up the
structure of the protein from these TM segments. (Supported by AHFMR, HSF,
CIHR, and AIHS).
2081-Pos Board B67
Investigation of the Three-Dimensional Structure of the Caveolin-1 mem-
brane Interacting Domain
Jinwoo Lee.
The importance of understanding membrane protein structure and function is
growing after scientists have recognized that approximately one third of the
genome encodes for membrane proteins. Caveolin is an integral membrane
protein that is found in high abundance in caveolae. Caveolae are invagina-
tions of the plasma membrane that play an important role in many cellular
functions. Interestingly, caveolin plays a dual-role in caveolae. On one hand
it is responsible for forming the ‘‘flask-like’’ shape of caveolae, and on the
other hand it is intimately involved in cellular processes such as signal
transduction and protein trafficking. Alterations in the levels of caveolin
protein and mutations of the caveolin protein have been implicated in a va-
riety of disease states including cancer, heart disease, and muscular
dystrophy.
Caveolin possesses a unique hairpin-like topology (N- and C- termini are
on the same side of the membrane) in the membrane which is thought
to facilitate its functions. In particular, mutations of two proline residues
(P110A and P132L) in the caveolin-1 transmembrane domain appear to
386a Tuesday, March 8, 2011be critical for proper biological function, and serve as markers for various
disease states. To study the effects of these important mutations, we have
prepared constructs of the caveolin protein that encompass the transmem-
brane domain. Both Caveolin(99-137) and caveolin(122-142) were over-
expressed and isotopically labeled in E.coli, purified to homogeneity, and
incorporated into dodecylphosphocholine micelles. The three-dimensional
structure of the constructs will be revealed using a combination of circular
dichroism and NMR spectroscopy. Moreover, comparison of the wild-type
structure with that of the constructs containing the proline mutations will
give valuable insight into the unusual nature of the caveolin-1 transmem-
brane domain.
2082-Pos Board B68
Reconstitution and Topological Analysis of Caveolin-1 in Phospholipid
Vesicles
Kyle Root.
One of the greatest challenges of working with membrane proteins is their
reconstitution into native bilayers. The extreme insolubility of integral mem-
brane proteins renders them incompatible with most common reconstitution
methods. It has been shown that perfluorooctanoic acid (PFOA) is a very fa-
vorable detergent for highly hydrophobic peptides and proteins. Therefore,
a method has been developed using PFOA to reconstitute proteins into egg
lecithin unilamellar vesicles. Using dynamic light scattering and electron mi-
croscopy, vesicles generated by this method are spherical and have a hydro-
dynamic radius of 14 nm. In addition, the entrapment of glucose by the
vesicles demonstrates that they are indeed bilayered and have a hollow cen-
ter. The membrane interacting domain of caveolin-1 has been incorporated
into these vesicles. Using the Stern-Volmer analysis methodology, fluores-
cence quenching studies of the tryptophan residues in the caveolin-1 mem-
brane interacting domain has given qualitative structural information of
how caveolin-1 interacts with the lipid bilayer. In addition, the topology of
caveolin-1 has been explored using proteolysis. The construct contains one
enterokinase cleavage site at the N- and C- termini. Both termini were
cleaved with the enterokinase enzyme confirming the ‘‘horseshoe’’ orienta-
tion of the caveolin-1 membrane interacting domain in the bilayer. We be-
lieve these studies will provide further insight into the caveolin-1
transmembrane domain structure in a lipid bilayer. These experiments begin
to address the long-standing uncertainties surrounding the toplogy of the cav-
eolin protein.Protein Assemblies
2083-Pos Board B69
Automated Prediction of Protein-Protein Association Rate Constants
Sanbo Qin, Huan-Xiang Zhou.
The association of two proteins generally occurs in two steps [1]. The first is
the formation of a transient complex, in which the two proteins have near-
native separation and relative orientation. In the subsequent step, the proteins
undergo conformational rearrangement to form the native short-range inter-
actions. Orientational restraints of the transient complex limit its formation
to a ‘‘basal’’ rate constant ~105 M1s1, but long-range electrostatic attrac-
tion can enhance the rate by three to four orders of magnitude [1]. In our
recently developed transient-complex theory [1], the electrostatically en-
hanced association rate is predicted as ka = ka0exp(-<Uel>*/kBT), where
ka0 is the basal rate constant and <Uel>* is the average electrostatic inter-
action energy between the proteins in the transient complex. The predictive
power of the transient-complex theory has been demonstrated over a large
number of protein-protein and protein-RNA complexes [1-3]. To make our
method widely accessible for predicting protein association rate constants,
here we developed it into a web server. The ‘‘TransComp’’ server is avail-
able at http://pipe.sc.fsu.edu/transcomp/, with the structure of the native
complex formed by two proteins as input. The generation of the transient
complex and the calculation of ka0 and <Uel>* are done automatically.
Test run of the server on 14 protein-protein complexes was carried out to
demonstrate its capability. Association rate constants calculated by the server
for these complexes agree well with experimental data, which range from 5.5
 104 to 2.4  108 M1s1. We expect that the TransComp server will be-
come a valuable tool for kinetic characterization of protein-protein and
protein-nucleic acid association.
[1] R. Alsallaq and H.-X. Zhou (2008) Proteins 71, 320-335.
[2] S.B. Qin and H.-X. Zhou (2008) J. Phys. Chem. B 112, 5955-5960.
[3] S.B. Qin and H.-X. Zhou (2009) Proc. Natl. Acad. Sci. USA 106, 6974-
7979.2084-Pos Board B70
Prediction of Protein-Protein Interactions at Genome Scale
Nurcan Tuncbag, Attila Gursoy, Ruth Nussinov, Ozlem Keskin.
Construction of the structural protein interaction network is of crucial impor-
tance since it is a prerequisite for understanding how the proteome, and thus
the cell, function. Yet, predicting, on the proteome scale, which proteins inter-
act and how they interact is a daunting task. Structural predictions of protein
interactions are frequently carried out via ’docking’. However, in the absence
of additional biochemical data, docking is challenging on the proteome scale
because there are many favorable ways for proteins to interact. An alternative
strategy is knowledge-based, using a protein-protein interface dataset. Using
such dataset is efficient because the number of architectures, in single chain
proteins and in protein-protein interfaces is limited in nature, and structurally
different protein pairs can use the same (preferred) binding architectures.
This suggests that using structural alignment of each side of known interfaces
against the entire surfaces of all monomers can predict protein associations:
a protein whose surface matches one side of the interface can bind a protein
whose surface matches the complementary side. Yet, on their own
knowledge-based methods may not be sufficient for proteome modeling be-
cause they disregard flexibility and energetics. Here, for the first time, we com-
bine the two methods, leading to a powerful combinatorial multi-scale strategy
to predict functional associations of the proteome. As examples, we present the
tumor suppressor protein p53 interaction network, focusing on the nucleotide
excision repair and cyclin dependent kinase subsystems. The validated exam-
ples demonstrate the power of this strategy. New interactions are also predicted
for NFkB, p27 and Skp2.
2085-Pos Board B71
Monte Carlo Study of the Molecular Mechanisms of S-Layer Protein Self-
Assembly
Christine Horejs, Mithun K. Mitra, Dietmar Pum, Uwe B. Sleytr,
Murugappan Muthukumar.
Self-assembly is one of nature’s strategies to organize matter on the large scale
and thereby create order from disorder. The process is ubiquitous for a great
variety of biological molecules. Proteins, however, tend to stay soluble in
solution or to aggregate into various structures rather than self-assemble into
defined patterns. This is because of their complex structure exhibiting different
conformations and a close-knit relationship between structure and function.
Aggregation into three-dimensional composites thus generally leads to a loss
of functionality . However, S(urface)-layer proteins, which constitute the crys-
tallized outer most cell envelope of a great variety of bacterial cells, represent
a remarkable exception to this general trend. The crystallization of this kind of
proteins facilitates their function rather than forming a nonfunctional state. Us-
ing a combination of structural information and a Monte Carlo method with
a coarse-grained model, we have studied the functional protein self-assembly
into S-layers. The molecular mechanisms guiding the self-assembly of proteins
into functional or pathogenic large-scale structures can be only understood by
studying the correlation between the structural details of the monomer and the
eventual mesoscopic morphologies. Among the myriad structural details of
protein monomers, we seek to identify the most crucial set of structural features
necessary for the spontaneous selection of desired morphologies. We discover
that only few and mainly hydrophobic amino acids, located on the surface of
the monomer, are responsible for the formation of a highly ordered anisotropic
protein lattice. In addition to elucidating the molecular mechanisms and
explaining experimental findings, the present work offers a tool, which is chem-
ical enough to capture details of primary sequences and coarse-grained enough
to explore morphological structures with thousands of protein monomers, to
promulgate design rules for spontaneous formation of specific protein
assemblies.
2086-Pos Board B72
The Importance of Cell Lysis Methods in Measuring Proteasome Activity
Susan T. Nguyen, Shannamar Dewey, Qian Xu, Jasdeep S. Chahal,
Aldrin V. Gomes.
Proteasome dysfunction has been implicated in a wide range of diseases, in-
cluding neurodegenerative disorders such as Alzheimer’s or Parkinson’s dis-
eases, as well as cardiomyopathies and diabetes. The role of the proteasome
is critical to the normal functioning of the body’s degradation pathways. Nu-
merous methods of isolating and measuring proteasome activity in cell lysates
are currently being used by different groups. In particular, the homogenization
and lysis buffers vary considerably between different laboratories. In this
study, we investigated how different cell lysis procedures and buffers affect
both 20S and 26S proteasome proteolytic activity. Our results suggest that
the inclusion of glycerol in the lysis buffer is important for optimal 20S pro-
teasome activity. We also found that in comparison to cell lysis buffers
